Abstract: Hospital readmissions are common and result in increased mortality and cost while reducing quality of life. Readmission rates have been subjected to increasing scrutiny in recent years as part of a larger effort to improve the quality and value of health care in the United States. Emerging evidence suggests that sepsis survivors are at high risk for hospital readmission and experience readmission rates comparable with survivors of congestive heart failure, acute myocardial infarction, pneumonia, and chronic obstructive pulmonary disease, diseases whose readmission rates determine reimbursement penalties from the federal government. In this article, we review the unique challenges that sepsis survivors face as well as the patient-level and hospital-level risk factors that are known to be associated with hospital readmission after sepsis survival. In addition, we identify the causes and outcomes of readmissions in this population before concluding with a discussion of readmission prevention strategies and future directions.
S
epsis is a major public health threat. With over 19 million cases each year worldwide, sepsis accounts for 10% of all intensive care unit (ICU) admissions. 1 It is associated with high morbidity and mortality rates, and, in the United States alone, its care is estimated to cost over $20 billion. 2, 3 Several recent studies have demonstrated that sepsis incidence is rising, while, concurrently, implementation of evidence-based sepsis care processes has resulted in a reduction of in-hospital sepsis mortality. 2, 4, 5 These intersecting phenomena are working in concert to create a growing population of sepsis survivors afflicted with cognitive, physical, and psychological sequelae and a disproportionate risk for hospital readmission. [6] [7] [8] Index admissions for sepsis result in the second highest readmission rate among Medicare beneficiaries, second only to admissions for congestive heart failure (CHF). 9 Here, we provide a review of the emerging problem of hospital readmissions among sepsis survivors with a focus on the current literature surrounding hospital readmissions, the unique challenges among sepsis survivors that predispose them to readmission, and potential preventative strategies for this at-risk population.
HOSPITAL READMISSIONS Frequency and Societal Impact
Hospital readmissions have garnered increasing recent attention, as they are common and have far-reaching implications for patients and society. 10 There are ∼3.3 million annual readmissions in the United States with as many as 1 in 5 Medicare beneficiaries needing readmission within 30 days of discharge and 1 in 3 within 90 days. 9, 11 In addition to substantial mortality, readmissions reduce patient quality of life and cost an estimated $41 billion per year. 9, 12 As 30-day readmissions have been associated with substandard hospital care and postdischarge processes, [13] [14] [15] it is widely believed that a proportion of these readmissions are avoidable. 16 This assertion and the increasing societal burden imposed by hospital readmissions served as the impetus for the creation of the US government's Hospital Readmission Reduction Program (HRRP).
Hospital Readmission Reduction Program
As one of the pay-for-performance initiatives of the Patient Protection and Affordable Care Act, the HRRP was established in 2012. The program compares the observed and expected readmission rates of key diagnoses for each hospital and penalizes hospitals financially with higher than expected readmission rates. The initial iteration of the program targeted readmission rates after admission for CHF, acute myocardial infarction (AMI), and pneumonia, as these diagnoses are known to be complicated by frequent readmissions. 11, 17 Over time, the HRRP has evolved to include penalties for excessive readmissions after index admissions for chronic obstructive pulmonary disease, hip or knee arthroplasty, and, most recently, coronary artery bypass grafting. Further, the maximum penalties associated with excessive readmissions have grown from 1% of all annual Centers for Medicare and Medicaid Services (CMS) reimbursements to 3%. 18 Since its inception, the HRRP has resulted in substantial financial penalties for US hospitals, including $528 million in the fiscal year 2017, the highest such penalty to date. Teaching hospitals and those that provide care to higher proportions of low-income Medicare patients have incurred the highest penalties. 19 In response, hospitals are developing new strategies to reduce 30-day readmissions, which have begun to curb hospital readmissions after heart failure, heart attack, and pneumonia admissions. Although the proportion of hospitals that are penalized by the HRRP has increased from 64% to 79% from 2013 to the present, this seems to be caused by the sequential addition of new diagnoses to the program, rather than increasing readmission rates. 19 
Controversies of Hospital Readmission Reduction
As no surprise, the HRRP has sparked controversy and debate since its introduction. 20 A fundamental concern has centered on the precision and validity of the algorithms used by CMS to determine the "expected" readmission rate for a particular condition. Estimates of preventable readmissions vary considerably, as have reductions in readmission rates, in response to targeted interventions. 21 Such variability poses a significant challenge for the accurate modeling of readmission risk, as evidenced by these models' modest ability to account for readmission variance. 22 Further, despite evidence that readmission rates are directly associated with the proportion of socioeconomically disadvantaged patients a hospital treats, CMS has elected not to control for socioeconomic status (SES) until only recently. 19 Associations between inpatient mortality, length of stay (LOS), and readmission rates have also generated concern that hospitals with low inpatient mortality rates and lengths of stay may be disproportionately penalized for excessive readmission rates. Analysis of the CMS Hospital Compare data demonstrated an inverse relationship between risk-adjusted hospital mortality and risk-adjusted readmission rates among patients admitted with CHF. 23 The authors suggest that this relationship may be attributable to an enlarged pool of at-risk survivors in hospitals with low in-hospital mortality rates. However, recent, rigorous analyses have reassuringly suggested that readmission rates are minimally, if at all, associated with in-hospital mortality 24 and that hospitals that improved their readmission rates over time also improved their postdischarge mortality rates. 25 Similarly, several studies have identified inverse relationships between index admission LOS and readmission rates. [26] [27] [28] However, temporal analysis of Veterans Affairs outcomes data has shown that, as LOS for all medical diagnoses has decreased over time, so too have readmission rates, arguing against an obligate increase in readmissions as LOS is reduced. 29 
READMISSIONS AMONG SEPSIS SURVIVORS

Complications of Sepsis Survival
Critical illness survivors experience high rates of morbidity that can persist after discharge, resulting in an increased vulnerability to hospital readmission. For example, admission with severe sepsis is associated with the development of new cognitive impairment and functional disability in survivors, sequelae that can persist for years. 6 Similarly, survivors of sepsis-related acute respiratory distress syndrome commonly experience long-term limitations in physical function. 7 Moreover, approximately one third of critical illness survivors experience depressive symptoms, 8 which have been associated with hospital readmission in both medical and postsurgical populations. 30, 31 This constellation of cognitive, physical, and psychiatric complications in critical illness survivors has been termed the post-ICU syndrome, an increasingly recognized phenomenon leading to postdischarge fragility and vulnerability. Not surprisingly, survivors of sepsis utilize health care at high rates that are out of proportion compared with those of survivors of nonsepsis hospitalizations, 32 and a significant proportion of this utilization comes in the form of 30-day hospital readmissions.
Rates and Risk Factors for Readmission
Recently, several studies have examined the rates of 30-day hospital readmission among sepsis survivors. Their findings have been remarkably consistent, with readmission rates ranging from 18% to 26% across clinical settings, ranging from community hospitals to large, academic tertiary care centers. 12, [33] [34] [35] [36] [37] These rates are comparable with those of CHF, AMI, pneumonia, and chronic obstructive pulmonary disease. 11, 38 In fact, among Medicare beneficiaries, sepsis is second only to CHF among conditions that lead to 30-day readmissions. Further, if the readmission rates among survivors of pneumonia (a common cause of sepsis that is commonly tracked independently) are combined with those of sepsis, it would be the most common condition leading to readmissions among this population. 9 This observation has subsequently been validated in a large, nationwide cohort of all beneficiaries types where sepsis was found to be a leading diagnosis resulting in readmission and responsible for 7% to 12% of all readmissions nationwide. 39 Several recent studies have sought to identify risk factors for readmission after sepsis hospitalization in order to help identify the subset of survivors who are at the greatest risk (Table 1) . A number of patient demographics have been associated with readmission among sepsis survivors, including the black and the native American races, lower income individuals, and those with Medicare or Medicaid beneficiary status. The common denominator of each of these risk factors may be limited access to health care, which can impact readmission rates both through poor comorbidity management and/or inadequate follow-up after discharge. The impact of sex on readmission risk is unclear; it has been shown to have weak associations with readmission with 1 study suggesting that female patients have higher odds of readmission while another study demonstrated that female patients have lower odds of readmission. Age appears to have a complex relationship with 30-day readmissions, as younger age is associated with lower odds of readmission, as is age over 80. This latter finding may be the result of palliative decisions to not readmit the very elderly if they are able to survive their index admission for sepsis. Patient comorbidities are among the most consistently identified risk factors for hospital readmission among sepsis survivors. In fact, comorbid illness may be a more important risk factor for 30-day readmissions than the severity of illness during the index hospitalization. 12 Both individual comorbidities and increasing aggregate comorbidity burden is associated with a higher risk of 30-day readmissions. 33, 34 Specifically, the presence of malignancy, collagen vascular disease, chronic kidney, liver, or lung disease, CHF, or diabetes mellitus are all associated with increased odds of sepsis survivor readmission. 12, 36 Hospitalization for any cause within the preceding year is also associated with readmissions and may be a marker of increased comorbidity burden. 36, 37 In addition to preexisting patient factors, characteristics of the index hospitalization for sepsis have also been linked to readmissions. The need for intensive care or procedures, longer LOS, total parental nutrition use, anemia, and discharge to a health care facility have all been associated with higher rates of readmission. 12, 33, 34, 36, 37, 40 Further, the characteristics of the hospital where the index sepsis admission took place also influence the risk of readmission. University hospitals and hospitals that care for a high proportion of minority patients experience the highest rates of readmission among survivors of sepsis, whereas for-profit status and higher annual sepsis case volumes are also known risk factors. 12, 34, 35 
Causes and Outcomes of Readmissions
Over half of 30-day readmissions among sepsis survivors come in the first 15 days after discharge, and approximately one third occur within the first 7 days. 36 The most common cause of 30-day readmissions among sepsis survivors is infection and/or sepsis, although most data sets have lacked sufficient granularity to determine whether these are readmissions for unresolved or new infections. 12, 33, 35, 37 Additional causes of readmission include respiratory failure, complications related to care during the index hospitalization, and CHF, although these are all much less common among most survivors than readmission for infection. 35 Of note, CHF was found to be the most frequent cause of readmission in a veterans' affairs hospital cohort of sepsis survivors. However, among veterans who were discharged to a nursing facility, after their index admission, infections were the leading cause of readmission, suggesting that discharge destination is associated with distinct risks for readmission. 41 Thirty-day readmissions lead to significant mortality among sepsis survivors and contribute substantial cost to the health care system. Mortality rates during 30-day readmissions after sepsis survival range from 6.5% to 14.4% 12, [35] [36] [37] and are significantly higher than mortality rates during readmission after other conditions such as CHF or AMI. 36 On an average, these readmissions cost $25,000 to $30,000 each and are estimated to cost $1.4 billion annually for Medicare beneficiaries alone. 9, 12, 35 
PREVENTING READMISSIONS AFTER SEPSIS SURVIVAL
The association between sepsis survival and readmission risk is a relatively new observation; thus, there have been no published studies focused on reducing readmissions among sepsis survivors to date. However, in the context of high sepsis readmission rates, an increasing level of scrutiny on sepsis care processes or "bundles" by CMS, 42 and a heightened focus on readmission reduction by hospital administrators, 43 it is likely that future investigation will be forthcoming. A variety of peridischarge processes and interventions have been examined in survivors of other diseases with varying results (Table 2) . Postdischarge medication reconciliation and symptom tracking are cost-effective strategies for readmission prevention that could be translatable potentially to sepsis survivors, as could early access to primary care physician follow-up. 15, 44, 45 In addition, a number of interventions that are more tailored to survivors of sepsis could be used in the future to reduce readmission rates and are summarized below.
Risk Prediction
A potentially key aspect of any readmission reduction initiative would include the ability to identify hospital survivors who are at the greatest risk of readmission for targeted intervention. In the context of the constrained case management and home health resources that many health systems face, the ability to identify such high-risk patients would be of great benefit. A recent systematic review of readmission risk prediction models demonstrated only marginal discriminatory capability for models in most conditions. 46 However, a prospective analysis of prediction models for sepsis survivors has yet to be performed. 
Early Rehabilitation
In recent years, the critical care community has experienced a paradigm shift in the way that critically ill patients undergo physical rehabilitation. In contrast with traditional approaches where patients did not begin physical therapy until they had completely recovered from aspects of their critical illness such as respiratory failure or shock, contemporary practice now consists of beginning early physical therapy, including mobilization, while patients are still critically ill. In a seminal study, investigators demonstrated that early rehabilitation resulted in less delirium, more ventilator-free days, and higher rates of functional independence at discharge. 47 A subsequent, retrospective analysis identified an association between early rehabilitation and reduced readmission rates. 48 However, this relationship is yet to be prospectively validated, and a recent randomized clinical trial failed to demonstrate a difference in readmission rates between patients receiving early rehabilitation and those receiving usual care, whereas a separate randomized clinical trial found no difference between 90-day and 180-day institution-free days. 49, 50 Thus, while early rehabilitation may provide clinical benefit to critical illness survivors, it does not seem to reduce readmission rates, perhaps because of the strong association between readmissions and comorbidity burden, which is not impacted by inpatient rehabilitation strategies.
Postintensive Care Unit Clinics
Severe sepsis survivors commonly suffer from a wide range of long-term cognitive, physical, and psychiatric sequelae, as discussed above. Accordingly, survivors may require outpatient care from a multitude of disciplines including primary care, subspecialty care, physical and occupational therapy, speech therapy, and neuropsychiatry among others. The logistical arrangement of such care can often be problematic for sepsis survivors who may be physically deconditioned and financially limited. The United Kingdom and some centers in the United States have attempted to improve access to this multidisciplinary care through the creation of post-ICU clinics where critical illness survivors can get comprehensive follow-up. 51 To date, there are little to no outcomes data available from this treatment model, and its impact on readmission rates is unknown. Future investigation into these clinics' role in reducing preventable readmissions will be a critically important future endeavor.
Future Directions
Although it is impossible to forecast the future, we hope that future work will focus on the role of mobile health technology, palliative care, and expanded primary care resources in preventing readmissions among sepsis survivors. Given the near-ubiquitous nature of smart devices, 52 mobile health technology is being increasingly leveraged in a variety of clinical settings, from medication adherence 53 to chronic disease management. 54 Future applications allowing for symptom monitoring and more accessible outpatient support have the potential to prevent unnecessary readmissions in a variety of populations including sepsis survivors. However, reduced access to smartphones among survivors with lower SES may limit this approach's potential in this population. In addition, given the large comorbidity burden and debilitation incurred by many sepsis survivors, judicious use of home palliative care and hospice may be a reasonable and appropriate strategy for reducing readmissions in this population. Home palliative care has already been associated with reductions in 30-day readmissions among the seriously ill with profound limitations in functional status, 55 and discharge with hospice care is associated with reduced readmission rates among sepsis survivors. 12 Inpatient programs that more effectively engage palliative care consultative services with appropriately selected sepsis survivors may, therefore, be a useful cornerstone of any readmission prevention initiative in this patient population. Finally, as the United States moves toward a capitated pay-for-performance health care model, greater emphasis should be placed on preventative outpatient care. Both admissions for and readmissions after sepsis may be positively impacted by increases in primary care resources, as emerging data have recently demonstrated that sepsis is an ambulatory care-sensitive condition. 56, 57 Improved outpatient comorbidity management, in particular, could have significant impact on sepsis readmission rates.
CONCLUSIONS
Sepsis survivors suffer from a broad range of cognitive, physical, and psychiatric sequelae; thus, they are a fragile population that experiences rates of readmissions comparable with survivors of CHF, AMI, and pneumonia. Sociodemographic, clinical, and hospital-level characteristics have all been associated with increased risk of 30-day readmission in this population. Readmissions after sepsis survival lead to additional mortality and cost to the health care system, and prevention strategies are urgently needed.
